The use of foliar fungicides on field maize has increased greatly over the past ten 2 years. There has also been an increasing interest in foliar fungicide applications on 3 maize, because quinone outside inhibitor (QoI) fungicides, in addition to providing 4 disease control, have been shown to induce physiological benefits for plants in 5 studies conducted under controlled conditions. The aim of this research was to 6 evaluate the effect of the timing of fungicide applications on maximizing grain yield by 7 considering foliar disease control and physiological benefit of the application on 8 plants. Five fungicide application timings were compared to an untreated control (T0), 9 in four experimental trials conducted in 2 sites in 2009 and 2010. The fungicide 10 treatments were applied in each trial at the following growth stages: T1, 4 unfolded 11 leaves (growth stages -GS14); T2, end of leaf development (GS 19); T3, middle of 12 stem elongation (GS 35); T4, flowering with fully emerged stigmata (GS 65); T5, milk 13 stage (GS 75). The treatments were carried out with self-propelled ground sprayers, 14 using a mixture of azoxystrobin and propiconazole. The following measurements 15 were performed: plant and ear height, cross-sectional area of the stalk, leaf 16 greenness, northern corn leaf blight (NCLB) incidence and severity, the 17 photosynthetic efficiency of the total content of nonstructural carbohydrates of the 18 leaf, ear dimension, grain yield, test weight (TW), thousand grain weight (TGW), 19
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The plant and ear height and cross-sectional areas of the stalks were recorded at GS 85. Plant height was measured in centimeters from the ground level up to the base of 1 the flag leaf. Ear height was measured as the number of centimeters from the ground 2 level up to ear insertion. The cross-sectional area of the stalk was calculated from the 3 stalk diameters between the first and second nodes and it was measured using a 0.1 4 mm caliper. parameter, which is defined by the following ratio: All the collected ears were shelled using an electric sheller to obtain grain weight.
21
The grain yield results were adjusted to a 140 g kg -1 moisture content. The kernels in 22 each plot were mixed thoroughly to obtain a random distribution and 1 kg was taken to measure the moisture content, test weight (TW) and thousand grain weight (TGW), 1 while 5 kg samples were taken to analyze the fumonisin (FB 1 and FB 2 ) concentration.
2
The moisture concentration of the wet maize grain and the test weight of the dried The May-October period in the two experiment sites had similar meteorological 2 trends each year, for rainfall, relative humidity (RH) and temperature (expressed as 3 growing degree days, GDDs) from flowering to harvest (Table 2 ). There was more 4 frequent rainfall in 2010 than in 2009 in both sites, with a higher average RH but 5 lower temperatures, particularly from the beginning of the stem elongation to 6 flowering (June) and during the dough stages (August and September). The first symptoms of NCLB were noticed at maize flowering (GS65), in both years.
10
However, the disease symptoms from flowering (GS 65) to the milk stage (GS 75) 11 were very low: in all trials and for all treatments the NCLB incidence was lower than 12 2% (data not shown). ANOVA did not show a significant effect of the fungicide 13 application timing on NCLB incidence and severity at maize flowering and at milk 14 stage.
15
The NCLB symptoms at the dough stage were clearly affected by the year: the 16 disease incidence and severity were higher in 2010 than in 2009 in both sites, as a 17 consequence of the greater rainfall, RH and higher temperatures that occurred, 18 especially during the ripening stages.
19
As reported in figures 1 and 2, ANOVA showed a significant effect (P<0.05) of the 20 azoxystrobin + propiconazole application timings on NCLB incidence and severity.
21
The disease symptoms generally decreased moving from the earlier application 22 timings to the later ones.
23
In 2009, at site A, NCLB incidence was reduced significantly by 73% in the T4 and In 2010, in both sites, the azoxystrobin + propiconazole application at the T3, T4 and 9 T5 timings significantly reduced disease incidence and severity compared to T0.
10
The NCLB incidence and severity for T1 and T2 was never significantly different from 11 those observed in the untreated control (T0) in any of the trials. HNT reading at GS 75 and 85 (Table 3) . No significant effects of the interaction 17 between the fungicide treatments and trials were observed.
18
In 2010, in both sites, the photosynthetic efficiency (PE), based on the nonstructural 19 carbohydrates in the maize leaf at sunset and at sunrise, was significantly higher in 20 T3 treatment compared to T0 (Fig. 3 ). Among the compared treatments, the fungicide 21 application at the mid-stem elongation stage (T3) showed the highest PE, which was and 62% for site A and B, respectively and was not significantly different compared to 1 that recorded for T3 treatment. (Table 4 ).
6
The T1, T2 and T5 treatments were not significantly different from the untreated 7 control (T0). The azoxystrobin + propiconazole application at the mid-stem elongation 8 (T3) and at the flowering stage (T4) significantly increased grain yield (+5%; 0.75 t 9 ha -1 ), TGW (+ 11.6 g) and TW (+ 0.58 kg hl -1 ), compared to T0. No significant 10 differences were observed between the T3 and T4 treatments for any of the previous 11 parameters. 12 No significant differences were observed for the grain moisture content, ear length, 13 number of kernels per row and kernel rows per ear between the different 14 azoxystrobin + propiconazole application timings and the untreated control.
15
The interactions between the independent variable (fungicide treatment) and random 16 factor (trial) were never significant. (Table 5 ). The interactions between the independent variable 22 (fungicide treatment) and random factor (trial) were never significant. The present study has shown that early and late fungicide applications, when mixed 9 with post-emergence herbicides or with insecticides to control ECB or NWRW to 10 reduce application costs, did not significantly increase grain yield compared to an on specific physiological research programmes is needed to better understand the physiological benefit of these products. Moreover, the yield-enhancing effects of foliar 1 fungicides need to be verified in different maize cropping areas, in order to confirm 2 this grain yield response in different agricultural and environmental conditions and to 3 verify whether their use leads to a positive and sustainable economic benefit for 4 maize growers. The probability of a profitable fungicide application is linked of the 5 yield difference between treated and untreated plots, which is affected by yield 6 potential, the cost associated with the application method and the product cost, as 7 well as the market price of maize. Considering the maize grain yield and the 8 fungicide treatment costs at the farm conditions of the current manuscript, the 9 fungicide application at T3 and T4 timings results profitable with a minimum price of 10 maize grains of 120 € t -1 .
11
Finally, it is important to recall that QoI -containing fungicides are very risky as far as 12 resistance development is concerned, since applications of these fungicides can 13 increase the selection pressure and this could lead to shifts in fungal sensitivity to 14 Qol fungicides (Walker et al., 2009). Therefore, a better understanding of the impact 15 of these fungicides in maize production is also urgently needed to maintain the long-16 term efficacy of these compounds.
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Meta-analysis of yield response of hybrid field corn to foliar fungicides in the U.S. Tables   1   2   3   4   Table. 1. Table 3 . 1 Effect of the azoxystrobin + propiconazole application timing on plant and height, cross-sectional area of stalk and Hydro N-tester 2 (HNT) readings at the milk (GS 75) and dough stages (GS 85), field experiments conducted in 2 sites in the 2009 -2010 period. y NCLB incidence was calculated as the percentage of leaves with NCLB symptoms at the dough stages (GS 85), based on 4 replications of 75 leaves each. 1 z Treatment: T0, untreated control; T1, fungicide application at leaf development at 4 unfolded leaves (GS 14); T2, fungicide application at end of leaf 2 development (GS 19); T3, fungicide application at middle of stem elongation with 5 detectable nodes (GS 35); T4, fungicide application at flowering with fully 3 emerged stigmata (GS 65); T5, fungicide application at milk stage (GS 75). 4
The means followed by different letters are significantly different (P < 0.05) for each site and year combination. The reported values are based on 4 replications. 5
The error bars indicate the standard error of means. 3 4 y The photosynthetic efficiency is defined by the ratio between the difference in leaf nonstructural carbohydrates (LNSC) content at sunset and at sunrise and 5 the LNSC at sunset. 6 z Treatment: T0, untreated control; T3, fungicide application at middle of stem elongation with 5 detectable nodes (GS 35); T4, fungicide application at flowering 7 with fully emerged stigmata (GS 65). 
